Conclusion: FS exerts a significant effect on treatment compliance of older hypertensive patients. Treatment compliance is modulated by patients' sex (worse compliance in men), education (better compliance in subjects with higher education), and TFI scores (worse compliance in patients with FS).
Introduction
Frailty is an important problem in older persons. This justifies the constant creation of specialist diagnostic tools and development of primary and secondary preventive measures. Frailty exerts detrimental effects not only on a disease outcome but also on treatment compliance. The term "frailty syndrome" (FS) has been existing for a long time in American geriatrics, to describe the presence of multiple comorbidities and deteriorated physical fitness in older persons. The current definition of FS was proposed by Fried who described this condition as "a biologic syndrome of decreased reserve and resistance to stressors, resulting from cumulative declines across multiple physiologic systems, and causing vulnerability to adverse outcomes". 1 According to the American Geriatrics Society, 3 principal determinants of FS are increased vulnerability to stressors, decline in physiological reserve, and malfunction across multiple organ systems, including endocrine disorders and immune dysfunction.
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Chudiak et al FS is more common in women, persons living alone, and those presenting with worse educational levels and/or lower socioeconomic status. Approximately 50% of individuals older than 65 years are at an increased risk of FS and classified as the so-called pre-frail. 2 FS coexists with many aging-associated diseases, including arterial hypertension. 3 The prevalence of arterial hypertension is increasing with time. According to the global World Health Organization report, up to 40% of individuals older than 25 years present with an elevated arterial blood pressure, and the total number of hypertensive patients exceeds 1.5 billion. 4 Treatment compliance is a key determinant of efficient antihypertensive treatment. However, the proportion of patients who comply with their medication plans is estimated at no more than 30% worldwide; in Poland, this fraction is even lower and does not exceed 5%-15%. 5, 6 The terms "compliance" and "adherence", used interchangeably in medical nomenclature, refer to some determinants of successful treatment outcomes, such as patient-physician cooperation, compliance with medication and dietary plans, and lifestyle modifications. 7 The fact that FS may contribute to noncompliance puts a special emphasis on understanding the specific needs of patients affected by this condition.
The influence of older age and concomitant FS on treatment compliance and adherence in patients with arterial hypertension is an important issue and as such has been frequently addressed in literature. Bastos-Barbosa et al emphasized the influence of concomitant FS and other cardiovascular risk factors on the outcome of antihypertensive treatment. 8 In addition, other authors pointed to frequent prevalence of FS in older patients with arterial hypertension. 9, 10 However, to the best of our knowledge, the association between FS and compliance in older patients with hypertension has not been a subject of any published studies.
Objective
The aim of this study was to analyze the effect of FS on treatment compliance in older hypertensive patients.
Materials and methods
This study included 300 patients hospitalized at the University Clinical Hospital in Wroclaw due to hypertensive emergencies. The study protocol was approved by the Local Bioethics Committee at the Wroclaw Medical University (decision no 144/2016).
Informed consent was obtained from all participants. Each patient's right to withdraw from the study at any stage and the confidentiality of their responses was emphasized.
Basic sociodemographic and clinical data of the study subjects were extracted from their medical documentation. Furthermore, participants were surveyed with the following 2 validated instruments:
• Tilburg Frailty Indicator (TFI) • Hill-Bone High Blood Pressure Compliance Scale.
TFI, developed by Gobbens et al, 11 consists of 2 parts with a total of 15 questions. Part A refers to physical determinants of FS (8 questions), and part B to the psychological and social determinants (4 and 3 questions, respectively). Therefore, aside from the global TFI score (maximum 15 points), the values of physical, psychological, and social subscales can also be determined. A global score of 5 points or more corresponds to FS. 11 In this study, we used the Polish version of TFI.
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Hill-Bone High Blood Pressure Compliance Scale is a measure of antihypertensive treatment compliance. The instrument includes 14 items grouped into 3 subscales: Salt Intake, Appointment Keeping, and Medication Taking. Each item is scored on a 4-point scale: none of the time, some of the time, most of the time, and all the time. The global score may range between 14 and 56 points; the higher the score, the lesser the treatment compliance. In this study, we used the Polish version of the Hill-Bone High Blood Pressure Compliance Scale. 13 Statistical characteristics of quantitative variables are presented as means, standard deviations (SDs), lower and upper quartiles (Q1 and Q3), and minimum and maximum values (Min and Max), and the characteristics of qualitative variables are presented as numbers and percentages. Power and direction of the associations between the pairs of quantitative variables were assessed on the basis of Spearman's coefficients of rank correlation (R). Normal distribution of quantitative variables was verified with Shapiro-Wilk test. Multivariate analysis was based on multiple linear regression models. Quality of obtained models was verified on the basis of their coefficients of determination (R 2 ). Results of all the statistical tests were considered significant at P0.05. All statistical calculations were carried out with R 3.3 software.
Results
The influence of FS on treatment compliance was studied in 300 hypertensive patients (167 women and 133 men) aged between 65 and 91 years (mean 71.75±7.79 years). Basic sociodemographic and clinical characteristics of the study subjects are summarized in Table 1 .
Prevalence of Fs determined with the TFI 
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Frailty syndrome and treatment compliance in hypertensive patients was the social component of TFI (mean score 1.85 out of possible 3 points, that is, 61.67% of the maximum score), followed by physical (3.95 out of 8 points, 49.33%) and psychological component (1.3 out of 4 points, 32.42%) ( Table 2 ).
Treatment compliance determined with the high Blood Pressure Compliance scale
The mean global score of the study subjects was 20.75±4.11 (range: 14-34) with a median value equal to 20 (interquartile range: [18] [19] [20] [21] [22] [23] . The scale has 3 subscales, each with different number of questions. The Salt Intake subscale consists of 3 items, and its maximum score may range between 3 and 12 points; mean score of the study subjects was 4.79±1.17. The maximum score of the 2-item Appointment Keeping subscale ranges between 2 and 8 points; mean score of the study participants was 3.47±1.09. The Medication Taking subscale includes 9 items (maximum score 9-36 points); mean score of our respondents was 12.49±3.3 ( Table 3 ).
effect of Fs on treatment compliance
The analysis of correlation demonstrated that frailty, determined with the TFI, exerted a significant effect on both the global score of the Hill-Bone High Blood Pressure Compliance Scale and the scores of its 2 subscales: Appointment Keeping and Medication Taking (P0.05). All these correlations were positive; that is the higher the TFI score (the more frail a given person), the lesser the treatment compliance (Table 4 ).
Multivariate analysis of the global score of the hill-Bone scale
The linear regression analysis demonstrated that the global scores of the Hill-Bone Scale were modulated by the following (P0.05):
• Sex: compared to women, the global scores of the Hill-Bone Scale for men were 1.156 points higher on average.
• Education: compared to subjects with primary education or lack thereof, global scores of the Hill-Bone Scale for individuals with higher vocational or university education were 1.872 points lower on average. 
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• TFI score: a 1-point increment in the TFI score was associated with a 0.292-point increase in global score of the Hill-Bone Scale. R 2 coefficient for this model was 40.01%, which means that variables included in the model explained 40.01% of variance in global scores of the Hill-Bone Scale. The remaining 59.99% of variance resulted from the influence of other variables that were not included in the model, as well as from random effects (Table 5 ).
Multivariate analysis of the salt Intake scale
The linear regression analysis demonstrated that the Salt Intake scores were modulated by the following (P0.05):
• Sex: compared to women, the Salt Intake scores of men were 0.288 points higher on average.
• Occupational status: compared to occupationally active persons, the Salt Intake scores of retired subjects were 0.572 points lower on average.
• Diabetes mellitus: presence of concomitant diabetes mellitus was associated with a 0.362-point increase in Salt Intake score.
• TFI score: a 1-point increment in the TFI score was associated with a 0.089-point decrease in Salt Intake score. R 2 coefficient for this model was 13.43%, which means that variables included in the model explained 13.43% of variance in Salt Intake scores. The remaining 86.57% of variance resulted from the influence of other variables 
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Multivariate analysis of the Appointment Keeping scale
No significant determinants of Appointment Keeping scale were identified in linear regression analysis (P0.05). R 2 coefficient for this model was 23.12%, which means that variables included in the model explained 23.12% of variance in Appointment Keeping scores. The remaining 76.88% of variance resulted from the influence of other variables that were not in the model, as well as from random effects ( Table 7) .
Multivariate analysis of the Medication Taking scale
The linear regression analysis demonstrated that Medication Taking scores were modulated by the following (P0.05):
• Sex: compared to women, the Medication Taking scores of men were 0.792 points higher on average.
• Education: compared to subjects with primary education or lack thereof, the Medication Taking scores of individuals with higher vocational or university education were 1.579 points lower on average.
• TFI score: a 1-point increment in the TFI score was associated with a 0.335-point increase in Medication Taking score. R 2 coefficient for this model was 41.48%, which means that variables included in the model explained 41.48% of variance in Medication Taking scores. The remaining 58.52% of variance resulted from the influence of other variables that were not included in the model, as well as from random effects ( Table 8) .
Discussion
Frailty is an important problem in older persons. This justifies the constant creation of specialist diagnostic tools 
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Chudiak et al and development of primary and secondary preventive measures. FS may develop concomitantly to many agingrelated diseases, including arterial hypertension, and exerts detrimental effects on both their outcomes and treatment compliance.
14 Our study included 300 hypertensive patients aged 65 years or older, with an average 13-year history of arterial hypertension. More than a half of the respondents were women (55.67%). Up to 65.67% of our patients were diagnosed with FS. In the study conducted by Fried et al, FS was found in 7% of patients older than 65 years and in up to 30% of subjects above 80 years of age. Individuals with FS had a 59% greater rehospitalization risk and 28% greater risk of fall, and showed a 34% deterioration in physical fitness over a 3-year follow-up period. 15 In LASA (Longitudinal Aging Study Amsterdam) trial, FS was diagnosed in nearly 20% of subjects older than 65 years. 16 More than 50% of our study subjects presented with concomitant diabetes mellitus, and up to 30% with ischemic heart disease. According to the literature, older age is associated with a higher prevalence of comorbidities and cardiovascular risk factors, which may unfavorably affect treatment compliance. Individuals with multiple comorbidities need to take more medications, which makes them less likely to comply with their treatment plans. 17, 18 This was inter alia confirmed by the results of PACE (Pennsylvania Pharmaceutical Assistance Contract for the Elderly) analyzing the influence of comorbidities on treatment compliance. In this study, older patients with multiple comorbidities, including arterial hypertension, were found to be less compliant than their peers without concomitant diseases. 17 Presence of multiple comorbidities and lesser-level independence predispose hypertensive patients to FS. A link between arterial hypertension and frailty was first reported by Bastos-Barbosa et al. 8 These authors compared 
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Frailty syndrome and treatment compliance in hypertensive patients blood pressure levels and cardiovascular risk profiles of frail and non-frail subjects. The mean age of the study subjects was 74.5 years. Compared to non-frail individuals, patients with FS had a higher blood pressure over the 24 h (135/74 vs 122/68 mm Hg) and during sleep (134/72 vs 120.67 mm Hg). Moreover, they more often presented with cardiovascular risk factors, such as abdominal obesity, dyslipidemia, and fasting hyperglycemia. 8 Furthermore, according to other authors, arterial hypertension frequently coexists with FS in older patients. 2, 18 Fattori et al examined a group of Brazilian patients older than 65 years, and demonstrated frequent coexistence of FS with arterial hypertension. In their study, the prevalence of FS was higher in women than in men. Moreover, frail subjects more often reported weight loss and fatigue (18.3% vs 12.5%, P=0.034 and 22.5% vs 11.9%, P0.001, respectively). 2 The prevalence of FS in geriatric patients (n=761) was also analyzed by Ricci et al. Up to 10% of their respondents presented with FS. Arterial hypertension was the most common cardiovascular risk factor, present in more than 80% of the study participants. Individuals with FS were exposed to multiple cardiovascular risk factors significantly more often than non-frail subjects. 18 In our study, the most significant contributor to frailty was the social component of TFI; this might reflect the deteriorated physical fitness of frail subjects and their greater dependence in activities of daily living. Adequate treatment compliance is a key to efficient antihypertensive therapy. In our study, the mean global score of the Hill-Bone High Blood Pressure Compliance Scale was 20.75 points (range: 14-34); based on the median value, ~50% of the subjects scored less than 20 points on this scale. The lower the global value of the Hill-Bone High Blood Pressure Compliance Scale, the lesser the treatment compli- 
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Chudiak et al compliance (up to 100%) is typically observed frequently in hospitalized patients. In contrast, the treatment compliance of outpatients is alarmingly low. 19 According to literature, the proportion of outpatients who refill their prescriptions after 6 months of treatment is lesser than 50%. 20 Multivariate analysis demonstrated that patients' sex exerted significant effects on the global scores of the HillBone Scale as well as on the Medication Taking scores; the levels of treatment compliance in men turned out to be significantly lower than in women. Published data on sexspecific differences in treatment compliance are inconclusive. In NATPOL study, women showed better compliance than men and less often discontinued therapy. 21 Better compliance of female patients has also been documented by Zaghloul and Goodfield. 22 Slightly different results were published by Gokdemir et al who did not find a significant association between patients' sex and treatment compliance. 23 The study conducted by Matschay and Turostowska included 103 patients aged 30-70 years. The subjects were divided into 2 groups: group I -younger (30-49 years) and group IIolder (50-70 years). Adequate compliance was found in 47% and 69% of women from groups I and II, respectively, as well as in 55% and 71% of younger and older men, respectively. 24 Our study demonstrated that higher education was associated with lower global scores of the Hill-Bone Scale and with lower Medication Taking scores; this means that subjects with higher education showed better compliance than those with only primary education or lack thereof. While many previous studies documented better compliance and adherence in patients with higher education, 25-28 some authors did not observe this association. [29] [30] [31] [32] [33] [34] Intuitively, it may be expected that patients with higher educational level should have better knowledge about the disease and therapy, and therefore, be more compliant. Our study showed that the presence of FS was associated with worse compliance, namely with higher global scores of the Hill-Bone Scale and higher Medication Taking scores. In Medicaid study, only 20% of hypertensive patients older than 65 years showed adequate treatment compliance, which was attributed to the process of aging, inter alia to concomitant FS. 35 Our multivariate analysis demonstrated that aside from male sex which contributed to a significant decrease in Salt Intake scores, values of this scale were also significantly modulated by occupational activity. Subjects who did not work due to retirement presented with significantly lower Salt Intake scores than occupationally active individuals, which points to better compliance of the former. Perhaps, this phenomenon should be explained by the fact that retired persons pay more attention to their health, including energetic value of their meals. In turn, occupational activity frequently enforces consumption of processed foods with a higher content of salt. Treatment compliance of our subjects turned out to be negatively affected by concomitant diabetes mellitus. Unfavorable effect of comorbidities on the outcome of antihypertensive treatment has been previously emphasized by Bastos-Barbosa et al. 8 Interestingly, the presence of FS was associated with better compliance of our patients in terms of salt intake. Equally surprising findings have been previously published by other authors as well. 36, 37 The results of these studies imply that older persons with FS may be more concerned about their health and realize that medication intake is necessary, which makes them more motivated for treatment compliance. 36, 37 To our best knowledge, studies on the association between FS and adherence in patients with hypertension have not been conducted to date.
Treatment compliance is a prerequisite of efficient antihypertensive therapy. Noncompliance may result in deterioration of health status, life-threatening complications, or even death. Chronically diseased patients require extensive education and complex medical care. Medical and nursing interventions are equally important for the prevention of unfavorable consequences of frailty in older persons, and for the improvement of their treatment compliance.
study limitations
We are well aware of the potential limitations of this study. The most important of these stem from the fact that our study sample was relatively small and recruited from a single center.
Conclusion
Frailty syndrome exerts a significant effect on treatment compliance of older hypertensive patients. The higher the TFI score, that is, the greater the frailty, the lesser the treatment compliance. Furthermore, treatment compliance was modulated by patients' sex (worse compliance in men), education (better compliance in subjects with higher education) and TFI scores (worse compliance in patients with frailty syndrome).
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